( Table 1 ). This series include 126 leukemias and 124 lym-
DNA sequences.
sequences were much more abundant in the effusion tumor cells than in the cutaneous Kaposi's biopsy while no HHV8 sequence was detectable in the peripheral blood lymphocytes.
This study reports HHV8-associated BCBL in European AIDS

Materials and methods
patients and confirms that HHV8 is present at a high copy number in the tumoral B cells of this malignancy. Furthermore,
Samples
HHV8 does not seem to play a pathogenic role in any of the other T or B malignant lymphoid neoplasias studied so far. This
Two hundred and fifty well-characterized lymphoproliferative study also stresses the necessity for quantification studies in interpretation of a positive PCR analysis for HHV8 sequences, malignant disorders originating from several Departments of especially in patients at risk for HIV infection or Kaposi's sarHematology in Paris and surrounding areas were studied coma.
occurring in AIDS patients. Thirteen other patients suffering from thymomas (six cases), chronic B cell lymphocytosis with binucleated lymphocytes (two cases) and reactive AIDS-assoIntroduction ciated CD8 lymphocytosis were also studied. The selection of such neoplasias was performed in order to include most of Recently Chang et al 1 reported the discovery of new DNA the categories of the lymphoproliferative malignant disorders fragments in the tumoral lesions of an AIDS-associated Kapo- (Table 1) . A preliminary analysis of 18 of these neoplasias si's sarcoma. Further work demonstrated that these sequences (including five AIDS-associated Burkitt's lymphoma and 13 belong to a new herpes virus (human herpes virus 8 (HHV8) centroblastic centrocytic follicular NHL) had been briefly or Kaposi's sarcoma-associated herpes virus (KSHV)) which is reported. 23 Peripheral blood mononuclear cells (PBMCs), consistently found in the tumoral lesions of the different clinisamples of pleural or peritoneal effusions, bone marrow aspircal and epidemiological forms of Kaposi's sarcoma. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] ates and tissue biopsy specimens were collected under sterile A recent study 14 reported the presence of a high level of conditions during standard procedures and cryopreserved. HHV8 viral copies in some patients with AIDS, from the USA,
The diagnosis of each specimen was based on a comprehensuffering body cavity-based lymphoma (BCBL). This peculiar sive analysis of the clinical, morphologic and immunophenoand rare form of non-Hodgkin lymphoma (also named pritypical features. mary effusion lymphoma (PEL)) seems to constitute a distinct clinicopathological entity characterized 14, 15 by: (1) An exclus- tumoral cells were also examined after hematoxylin-eosin and two different sets of primers. The first (KS81: TCG-GGTAGCTTGGAGACAAACAGC-KS82: GATCCACGGAGCMay-Grünwald-Giemsa staining, as well as biopsies obtained from the pleural tumor and the small intestine mass. ATACACCCACGTC) amplified 601 base pairs while the second (KS84-KS85) corresponded to a fragment of 233 base The immunophenotype of the effusion cells was determined by flow cytometry (FACS analysis) using a battery of monopairs. The latter was identical to the KS 330 233 as reported by Chang et al. 1, 26 The PCR reaction was performed as clonal antibodies as previously described. 24 Furthermore, immunoperoxidase staining for immunoglobulin light chain described 23 using 1-2 g of DNA with an initial denaturation step at 94°C and then 35 cycles for 1 min at 94°C, 1 min at kappa and lambda, epithelial membran antigen (EMA), CD3, CD20, CD30, CD79a, Vimentine, KL 1 were also performed, 55°C and 2 min at 72°C (with increased time of 2 s by cycle). After electrophoresis, the PCR products were transferred to a as previously described, 25 on sections of cell blocks and on paraffin-embedded tissue sections of the pleural mass and the nylon membrane and hybridized with two different 32 P radiolabelled internal oligonucleotides (83 and 86, respectively) small intestine biopsy.
specific for the two amplified HHV8 PCR products. DNA extracted from five KS cutaneous tumors or from peripheral blood mononuclear cells of human immunodeficiency virus Molecular studies (HIV) seronegative blood donors were used for PCR as positive and negative controls, respectively. All DNA samples were In all cases, high genomic DNA was extracted from either cryopreserved mononuclear cell suspensions or tissue also amplified by PCR for human ␤ globin sequences (primers pair PC04-GH20 size 268 bp 27 ) to demonstrate the integrity biopsy using a classical phenochloroform technique.
of the DNA specimen. For Southern blot analysis, 10 g of high molecular weight DNA was digested by restriction endonucleases, subjected to Polymerase chain reaction and Southern blot analysis for detection of HHV8:
To detect HHV8 sequences, we used electrophoresis in a 0.8% agarose gel and transferred to a The immunophenotype of the effusion cells was indetermisix successive 10-fold dilutions of each sample starting from 1 g of human genomic DNA. Each sample was amplified nate by flow cytometry analysis in both cases. Case one was extensively studied and only 40 and 26% of the tumoral cells independently with HHV8 (KS81-KS82: 601 bp) and ␤ globin (size 268 bp) primers. Fifty amplification cycles were perforexpressed intracytoplasmic CD45 and CD19 antigens, respectively. The CD45 antigen was negative in the second med and after electrophoresis, the PCR products were transferred onto a nylon membrane and hybridized with 32 P labpatient. There was no expression of any other antigens restricted to the T, myeloid or monocyte lineage in both cases. Furelled internal oligomer probes as seen above.
thermore, expression of immunoglobulin chains in the lymphoma tissue sections or in the cell pellet block sections could not be detected even by in situ hybridization using mRNA EBV molecular studies:
For RNA in situ hybridization (RISH), the fluoresceine-conjugated EBV (EBER 1 and 2) olikappa and lambda chains. Cytokeratin, vimentin and latent membrane protein were negative in both cases while the epigonucleotides (Dako SA, Denmark) complementary to nuclear RNA portions of the EBER 1 and 2 genes that are actively tranthelial membrane antigen was positive only in case 1. Furthermore, CD30 was slightly positive in a few cells of case 2, scribed in latently infected cells were used as described. 25 EBV DNA detection and clonality was assessed using a 1.9-while it was negative in case 1.
The two lymphomas displayed clonal Ig gene rearrangekb XhoI fragment located near the right end of the linear viral genome. 28 ments indicating their lymphoid B cell lineage. In case 1, they were detected at both IgH and IgK loci by Southern blot. In case 2, a clonal IgH rearrangement was detected by PCR.
The presence of EBV in these lymphomas was detected in Immunoglobulin genes and c-myc rearrangements: Clonal Ig gene rearrangement were detected by Southern blot using the two cases. EBER transcripts were found in most, if not all the tumor cells of both cases by the RISH procedure and the probes for the heavy chain joining region (JH), the constant regions of the kappa (CK) and lambda (G) genes. 29 Alternaclonality of EBV in the tumoral cells of case 1 was demonstrated by the detection of a single band in Southern blot tively, they were detected by PCR analysis using consensus oligonucleotides for the variable (VH) and JH gene segments hybridization with a terminal repeat probe. The pleural tumoral cells of case 1 showed a germ line configuration of c-myc. as previously described. 30 Insufficient DNA was available for EBV and c-myc Southern blot analysis in case 2.
Regarding HHV8, such specific viral DNA sequences were Results detected at a high level in the tumoral cells of both cases. In patient 2, only the DNA of a pellet of the peritoneal effusion Molecular screening of HHV8 by PCR in the lymphoid neoplasias cells was available. This DNA was found strongly positive with the two HHV8-specific primer pairs. In case 1, several tissues were available for DNA viral studies including PBMC, Among the 250 lymphoid neoplasias tested, HHV8 DNA sequences were found present in only three cases (Table 1) . a cutaneous lesion of the Kaposi's sarcoma, a pleural tumor biopsy and pleural effusion cells. All the DNAs of patient 2 The HHV8 sequences were detected in each of these three samples by the two HHV8-specific primer sets which ampliwere found strongly positive for HHV8 sequences except in the PBMC which were negative with both primer sets. A limitfied two different regions of the viral open reading frame homologous to the EBV BDLF1 and HVS ORF26. 22 ing dilution semiquantitative PCR revealed that the HHV8 viral load was three logs greater in the pleural cells of case 1 These three neoplasias occurred in HIV-1 infected patients, two of them suffering a body cavity based lymphoma while than in the cutaneous KS lesion biopsy of the same patient ( Figure 2 ). The much lower viral load detected in the pleural the third patient (a homosexual aged 52 years) had a disseminated large cell immunoblastic lymphoma (diagnosed in biopsy DNA than in the DNA extracted from the tumoral effusion cells was possibly linked to the presence of numerous 1994) associated with a cutaneous Kaposi's sarcoma since 1989.
non-tumoral cells in the biopsy studied. Furthermore, comparison of the signal obtained of the HHV8 sequences to that of ␤ globin from the same DNA specimen allowed the estimation of a number of at least 20 viral copies but less than Description of the two cases of body cavity-based lymphomas 200 per tumoral cell of the pleural effusion. In these pure neoplastic cells, a PCR performed on 1 pg of DNA as template (corresponding to 0.15 diploid cells) still led to a positive sigThe clinical and epidemiological features of the two AIDS patients with a body cavity-based lymphoma are summarized nal after Southern blotting and hybridization with an HHV8-specific probe (Figure 2 ). Regarding the other (non-BCBL) in Table 2 .
The morphologic features of the neoplastic cells in Wright-HHV8-positive case, semiquantitative PCR demonstrated a very low copy number in the sample studied (PBMC containGiemsa-stained cytospin preparations were similar in the two cases (Figure 1) . The effusion tumoral cells were large with ing a large proportion of neoplastic cells). The HHV8 signal was only detected to be positive when using at least 1 g of abundant and basophilic cytoplasm. Most of the nuclei were round or oval with one or more prominent nucleoli (Figure 1 :
DNA as template, corresponding to 1.5 × 10 5 diploid cells. 
Discussion
and/or CD20 and/or CD22); and (2) if they have a c-myc gene rearrangement. This last characteristic being possibly pathognomonic. In the above tested series, two non-HIV-infected This paper describes the presence of HHV8 sequences in the tumoral cells of two cases of a peculiar form of a B cell lympatients suffering a pleural (large or small cell type) lymphoma exhibiting B cell markers were HHV8-negative. In the same phoma occurring in homosexual patients with AIDS living in France. The main characteristics of these lymphomas: primary line, we recently reported the absence of HHV8 sequences in a large cell lymphoma (where the cells expressed three pan effusion lymphoma, indeterminate phenotype, B genotype with clonal EBV infection, absence of c-myc rearrangement, B antigens, and lacked EBV infection) occurring in a French HIV-negative woman with a massive pericardial and pleural and the presence of a high level of HHV8 viral copy number in the tumoral cells, were similar to those recently reported effusion without any detectable tumor mass. 32 The data presented here confirm the existence of a peculiar form of by Cesarman et al 14, 15 in their original description of this new clinico-virological entity. However, despite the fact that in our HHV8-associated B cell lymphoma occurring in AIDS patients but also extend this finding to European, especially French two cases, the initial and prominent clinical features were a pleural and a peritoneal lymphomatous effusion respectively, AIDS patients. As a matter of fact, most of the rare cases of AIDS-associated HHV8-positive BCBL so far described have an adjacent mass was detectable in the two patients at the onset of the first clinical symptoms. In case 1, an infiltration been, to our knowledge, reported in the USA. [14] [15] [16] [17] [18] Apart from our series, only three cases occurring in Italy and/or Spain with diffuse thickening of the parietal pleura was detected on a CT scan and visible at thoracoscopia. In case 2, an abnorhave recently been reported.
19
Because BCBL appears as the counterpart to a relatively mality of the first part of the small intestine was noted. The neoplastic cells in both visceral and effusion localizations of mature stage of B cell development, but also because HHV8 is related phylogenetically to EBV and to HVS (both lymphothe two patients were morphologically and immunophenotypically similar. Furthermore, we demonstrated that the HHV8 tropic gamma herpesvirinae 22,34 ) causing B or T cell lymphoid neoplasias in human and monkeys respectively, we searched viral load was much higher in the lymphoid tumoral cells than in the cutaneous KS lesions DNA of the same patient. While for HHV8 DNA sequences in a series of 250 B or T cell lymphoid human neoplasias. Among this large series, which previous studies have estimated the HHV8 viral copy number to be an average of one per cell in KS lesions, 2 we estimated included most of the types of lymphoproliferative malignant disorders, as seen in France, we did not identify any HHV8 here that the pleural BCBL neoplastic cells contained between 20 and 200 viral copies per cell, a finding consistent with a sequences except in one case in which the level of the viral copy number was very low as compared to that found in BCBL previous Southern blotting evaluation.
14 Such a difference in viral copy number between KS and BCBL cells explains why tumor cells. In this case, the virus was faintly detected (positivity only in the first dilution using 1 g of DNA as classical in situ hybridization cannot detect HHV8 sequences in KS lesions while it is easily detectable in BCBL cells. 31 template) in the PBMC of an AIDS patient with a disseminated large immunoblastic lymphoma who also had a long history The diagnosis of BCBL might be difficult, in particular some B cell lymphomas presenting clinically as a pleural or peritoof cutaneous Kaposi's sarcoma. The detection in such a case of HHV8 in the PBMC may simply reflect the presence of viral neal effusion with or without an adjacent tumor mass can be at first glance misdiagnosed as BCBL. 32, 33 However as recently sequences in rare circulating infected cells of non-lymphomatous origin. 21, 35 In fact, recent findings indicate that HHV8 stressed by Cesarman et al, 14, 15, 33 these lymphomas are generally not associated with HHV8 when the tumor cells, sequences can be detected in the PBMC of 50 to 75% of AIDS patients having KS, when using a very sensitive nested PCR.
36-38
(1) exhibit a clear B cell phenotype (positivity with CD19 Our study emphasizes greatly the necessity for quantification of a very low amount of viral DNA in such cases of clonal B or T cell lymphoid neoplasias, argue against a direct role of HHV8 studies in interpretation of a positive PCR analysis for HHV8 sequences, especially in patients at risk for HIV infection or in the pathogenesis of these malignancies. Concerning AILD (a disease now considered as a T cell Kaposi's sarcoma.
21,23
The absence of detectable HHV8 sequences in 483 of the lymphoma), our finding (eight cases HHV8-negative out of eight cases tested), contrast with that of Luppi et al 39 who lymphoid neoplasias occurring in non-HIV-infected patients tested in our study (232 patients) or by Cesarman et al 14 (151 recently detected HHV8 sequences in three cases among 15 cases tested. Further studies on a larger series of AILD patients patients) and by Otsuki et al 18 (100 patients), contrasts with the results of Bigoni et al 35 who recently reported detection of from different geographical origins will clarify this point.
In conclusion, HHV8, a probable new human oncogenic HHV8 sequences in nine out 110 (8%) samples of similar diseases (non-Hodgkin lymphomas and Hodgkin's diseases in nonvirus, seems so far to be restricted to a very few diseases including the different epidemiological forms of Kaposi's sar-HIV-infected patients). Such discrepancy may be linked either to the geographical origin of the patients (France, USA and Italy) coma, 2-13 the rare body cavity-based lymphomas occurring mostly in AIDS patients, [14] [15] [16] [17] [18] [19] [20] [21] and some cases of multicentric reflecting a possible different level of HHV8 endemicity in the population (as recently raised by Luppi et al 39 for southern Italy), Castleman's disease 23,40-42 but does not appear to play a role in most B or T cell lymphoid malignancies as seen in the westbut possibly also to differences in the PCR sensitivity and in the number of analyzed cells. 35 However in any case, the findings ern world.
